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Abstract 
 
This  paper investig ates  the linkag e  between one aspect  of  supply  chain 
strategy  and TQM principles and outcomes.  We  empirically  test  the
relationship among strategic quality planning, supplier-based relationships, 
and  some TQM practices such as product desig n,  product  innovation,
dependable  deliveries,  and  value-to-customer  quality  and  organizational 
performance. The findings suggest that the success of some TQM practices
may  be buoyed  by  over-lapping  supply  chain  principles  such  as  supply 
chain management strategy. Other positive relationships described in the 
literature  such  as  that  between  strategy,  TQM pr inciples,  and
organizational performance, are again confirmed. A LISREL (SEM) model
is the vehicle used in the analysis of the relationships. 
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Total quality management (TQM) is a management philosophy aimed at improving the 
quality of products and processes to achieve competitive advantage. While the 
implementation varies from one organization to another, there are major characteristics that 
provide a unifying theme to all programs. Agreement is apparent among the quality 
movement founders and principal spokesmen (Crosby, 1979; Deming, 1986; Ishikawa, 1985; 
Juran, 1988) regarding fundamental philosophy, assumptions, and recommended practices 
(Hackman and Wageman, 1995). Some of the fundamental characteristics of the TQM 
approach are: 1) prevention rather than detection (Cardy, Dobbins and Carson, 1995; Walton, 
1986), 2) understanding that customer satisfaction is the driving force behind work processes 
(Cardy and Dobbins, 1996), 3) continuous improvement, and 4) the underlying belief that 
people are naturally motivated to do a good job and improve quality (Hackman and 
Wageman, 1995). Based on these characteristics and descriptions from prior literature, the 
definition of TQM that we shall use in this study is by Flynn, et. al. (1995): ￿TQM is an 
integrated approach to achieving and sustaining high quality output, focusing on the 
maintenance and continuous improvement of processes and defect prevention at all levels and 
in all functions of the organization, in order to meet or exceed customer expectations.￿ 
 
The quality management literature exhibits different orientations: overview, conceptual, case 
study, analytical, simulation and empirical. Overview articles present an integrative approach 
to managing quality (Aggarwal, 1993; Becker, 1993; Cole, 1992; Drayton, 1991; Easton, 
1993; Flynn, 1992; Garvin, 1991; Madu and Kuei, 1993; Tillery, Rutledge, and Inman, 1993; 
and Zairi, 1993). Overview articles range from insights into the Baldrige criteria (Garvin, 
1991; Easton, 1993), comparison of Japanese versus U.S. quality practices (Ebrahimpour, 
1985; Handfield, 1989; Flynn, 1992), comparison of the quality approaches proposed by the 
quality management gurus (Kathawala, 1989), and linkages of TQM to an organization￿s 
strategic position (Madu and Kuei, 1993).  
 
Conceptual articles include prescriptive models and methods for implementing TQM and 
opinions of researchers on various aspects of TQM. Conceptual literature is an important part 
of the published TQM research (Juran, 1993; Ross, 1991; Sloan, 1992; Suresh and Meredith, 
1985; Tillery and Rutledge, 1991; Water and Vries, 1992; Zeithaml, 1988). In addition, case 
studies present detailed studies of a few organizations (Ciery, Sampson, and Sohal, 1991; 
Garvin, 1993; Kumar and Gupta, 1993; Lascelles and Dale, 1989; Modarres and Ansari, 
1990; Voss, 1992). Conceptual articles and case studies account for much of the quality 
literature which is consistent with the fact that TQM has been recognized as a powerful 
competitive strategy (Madu and Kuei, 1993).   
 
Another area, the analytical literature, focuses on the modeling of various aspects of TQM 
(e.g., cost models) (Karp and Ronen, 1992; Pignatiello, 1988; Tosirisuk, 1990; and Wacker, 
1989). Moreover, simulation articles focus on simulated experiments (Knight, Beningfield, 
and Kizzort, 1987). 




Several empirical studies have examined TQM implementation (Rao, Ragu-Nathan, and 
Solis, 1996; Benson, Saraph and Schroeder, 1991; Ebrahimpour and Lee, 1988; Garvin, 
1984; Benson et al., 1991).  It is important to note that empirical research requires the 
availability of broad databases for theory and model testing. Since TQM is a long-term, 
ongoing program with real payoffs accruing years after implementation (Erickson, 1992), 
much of the empirical quality literature was developed later (Roth and Miller, 1992; Saraph, 
Benson, and Schroeder, 1989; Schroeder, Sakakibara, Flynn, and Flynn, 1992; Ferdows and 
Demeyer, 1990; Rao, Ragu-Nathan, and Solis, 1997; Solis, Rao, Ragu-Nathan, Chen, and 
Pan, 1998).  
  
In the paper, based in empirical research, we shall identify the effect of supplier-based 
relationships with TQM practices. This paper studies the relationship between TQM concepts 
and the role supplier-based relationships have on those concepts and on the eventual 
performance outcomes. 
 
Supply chain literature contains dozens of references to the importance of supplier 
relationships and its impact on product design (Hartley, Zirger and Kamath, 1997), product 
innovation (Bagchi-Sen, 2001) and product delivery (Chamberlain, 1998). In this paper, we 
shall examine and test the linkage between supplier relationships and product design, product 
innovation and dependable deliveries to the customer.  We shall also analyze the role that 
product design, product innovation and dependable delivery play in providing value-to-
customer quality.  To complete the model, we will study the relationship between value-to-
customer quality and organization operational performance. The proposed model and the 
various relationships to be tested are summarized in Figure 1. 
------------------------------ 
Insert Figure 1 about here 
------------------------------ 
If these relationships are shown to be significant, an important implication is the following:  
If supplier relationships have an impact on the effectiveness of the other constructs, it could 




The following sections review current literature for each of the constructs in the proposed 
model. Each section relates the relevant literature leading to propositions to be investigated.  
Strategic Quality Planning 
 
Improving quality is a long-term competitive strategy (Barclay, 1993; Lascelles and Dale, 
1989; Peters, 1988; Juran, 1986; Deming, 1986; Tillery and Rutledge, 1991). It requires 
developing a quality culture, which is a lengthy process. Given the time factors, organizations 
must plan the process for achieving quality and integrating quality improvement planning 
into the overall business plan. Although organizations often seek immediate benefits from the 
start of a quality improvement process, a long-term focus is a greater objective. The 
American Quality Foundation and Ernst and Young (1992) found that in the United States, 




organizational performance measures. A strategic view of quality leads to: 1) the integration 
of quality management and customer satisfaction in the organizational strategic and 
operational plans, 2) a long-term quality vision for the organization, and 3) the deployment 
and understanding of quality goals and policies throughout the entire organization. 
 
The strategic quality planning construct in the proposed model includes three items: 1) 
strategic plan long-term support of quality improvement, 2) strategic plan synergy with the 
firm￿s quality mission and policies, and 3) strategic plan focus on quality as an integral part 
of the overall strategy.  
SUPPLIER RELATIONSHIPS 
 
Supplier-based quality practices provide a means to increase the likelihood of an organization 
having suppliers who are reliable and willing to work toward the company￿s goals of 
achieving quality excellence.   
 
One contribution of quality management is the recognition of suppliers as one of the most 
important resources organizations can have (Galgano, 1994).  Leonard and Sasser (1982) 
found defective incoming supplies to be a major source of quality product/process problems. 
The impact of defective supplies on quality performance has raised the importance of quality 
procured materials, parts, and services, and elevated supplier relationships as a major 
component of quality management (Ahire, Golhar, and Waller, 1996; Flynn, et al., 1995).  
  
Krause, Handfield, and Scannel (1998) studied the importance of supplier development based 
on reactive and strategic processes and concluded that the strategic approach to these 
relationships provided significantly greater long-term benefits compared to the reactive 
approach. Their work suggests that the approach to supplier relationships is a key component 
of organizational strategy.  Trent and Monckza, (1999) investigated the importance of 
suppliers, particularly in supporting product and service quality requirements.  They 
discussed how purchasing and sourcing decisions contribute to total quality.  They also 
discussed a number of relationships with suppliers such as supplier development, supplier 
quality performance targets, the involvement of suppliers in design and development, and the 
certification of suppliers.    A study by Wong (2003) provided some insights into the success 
factors of managing supply partners.  They used content analysis to identify seven themes on 
managing supply chain partners after examining the comments from 59 companies in 
response to open-ended questions.  A carefully crafted strategic plan should support supplier 
relationship building for quality. Therefore we have our first proposition: 
P1: Strategic quality planning has a positive impact on supplier-based relationships. 
Impact of Supplier Relationships on Total Quality Practices 
 
The importance of supplier relationships has also been studied in the context of its impact on 
product design, product innovation, and dependable product delivery capabilities (Teague, 
Bak, Puttre, Fitzgerald, Minihan and Carbone, 1997; Schmidt and Wood 2000, Hartley et al., 




In a study by Hartley, Zirger, and Lamath (1997), management of the buyer-supplier interface 
leads to reduced supplier-related delays and over-all project related delays. A generic new 
product design and development (NPDD) model proposed by Peters, Rooney, Rogerson, 
McQuarter, Spring, and Dale (1999) supported the importance of common information and 
information management in the NPDD process. Research by Callahan and Moretton (2001) 
concluded that supplier involvement in defining product requirements, system design and 
beta testing reduced development time. Furthermore, effective integration of suppliers into 
the product value/supply chain has been found to be a key for manufacturers in achieving the 
improvements necessary to remain competitive (Handfield, Ragatz, Petersen, and Monczka, 
1999). This work presented 17 case studies of manufacturing organizations.  In 37.2 percent 
of these organizations, they reported supplier involvement as early as the concept 
development stage.  
 
Lo and Yeung (2004) propose a practical framework which can be used in the development 
of a strategic partnerships with critical suppliers. Their research examined the various phases 
of the development of the strategic alliance which include total quality philosophies, supplier 
selection, supplier development and supplier integration. They examined constructs 
associated with these phases and found that continuous improvement, supplier development 
management and buyer-supplier relation were given the highest mean scores and are 
therefore the essential elements for strategic alliance.  
 
Brinton (1996) reported supplier involvement as one of the keys to successful product 
development. The importance of supplier involvement at the concept stage of product 
development was confirmed by Carbone (1998) in an article on the development of medical 
technology. Current research supports the importance of suppliers in the product design 
process and leads us to our second proposition. 
 
P2: Supplier-based relationships have a positive impact on product design. 
  
In the literature we find support for the importance of supplier relationships and supplier 
involvement in product innovation. Innovation has been defined as ￿the generation, 
acceptance and implementation of new ideas, processes, products or services for the first time 
within an organizational setting￿ (Pierce and Delbecq, 1977; Thompson, 1965). Other 
scholars have defined innovation as ￿the implementation of an internally generated or a 
borrowed idea whether pertaining to a product, service, system, process, policy, program, or 
service that is new to the organization at the time of adoption￿ (Damanpour and Evans, 
1984).  In a manufacturing context, product innovation may be summarized as the extent to 
which the manufacturing enterprise is capable of introducing new products and features in the 
market place (Koufteros, 1995; Clark and Fujimoto, 1991).  
 
The role of innovation in supporting the achievement of significant improvements in the 
capabilities of an organization were discussed by Schroeder, Scudder, and Elm (1989). 
Bagchi-Sen (2001) find that small to medium-sized enterprises (SME￿s) with higher levels of 
product innovation use external service inputs for problem-solving and business 
development. Annon (1998) in a study based on an A.T. Kearney survey of 463 of the 




both sides to innovate which leads to improved performance.  In a meeting of the Soap and 
Detergent Association (SDA) (Schmidt, 2000), the SDA conference reported that association 
members rely on suppliers for help with innovation. There is therefore strong literature 
support for the connection between supplier-based relationships and innovation.  Based on 
this, proposition three is: 
 
P3: Supplier-based relationships have a positive impact on product innovation. 
 
The characteristics of dependable delivery tested in our model include the concepts of on-
time, accurate quantity, and dependability.  Hall (1993) defines dependable delivery as ￿the 
extent (to which) a manufacturing enterprise is capable of providing on-time, the type and 
volume of products required by customer(s)￿. Dependability is viewed as the consistency of 
the company in performing at the time scheduled or promised. Hartley, et. al., (1997) found 
that management of the buyer-supplier relationship was effective at reducing supplier related 
delays. Supplier related delays affect the organizations internal customers by creating design, 
product introduction and production delays. For  the same reasons the end (external) 
customers are also effected in a similar way. Other research reports that the delivery construct 
accounts for 21percent of the variance underlying success factors for the JIT-P process 
(Nassimbeni, 1995).  Chamberlain (1998) reports that supplier integration resulted in a 50 
percent lead-time reduction with respect to ￿time to market￿ over three years in a study at 
Maytag.   
 
Wagner and Frankel (2000), found that services provided by carriers play an important role in 
developing new customers and in retaining existing accounts.  Increasingly, carriers are 
tailoring their practices to provide customized services for shippers.  They are investing in 
information collection technologies to support improved routing, scheduling, expediting and 
tracing.  Throughout the supply chain, delivery time is critical and adherence to delivery 
schedules is highly valued by shippers and receivers. 
 
The strong literature support for the connection between supplier-based-relationships to 
dependable delivery brings us to proposition four.  
 
P4: Supplier-based relationships have a positive impact on dependable deliveries. 
TQM Practices and the relationship to Value-to-Customer Quality 
 
The goal of any organization is to remain viable by providing its customers with products that 
are competitive in every way with that of its competitors so as to insure survival of the 
organization.  In this context, TQM is often viewed as a rational strategy to assure quality and 
customer value. Value-to-customer quality, as defined in a manufacturing context includes all 
of these attributes.  As a construct, value-to-customer quality may be defined as ￿the extent 
(to which) a manufacturing enterprise is capable of offering product quality and performance 
that creates higher value for customer(s).￿  Moreover, it gauges the capability of the firm to 
produce products that would satisfy customer needs and expectations for quality performance 




There is considerable literature support for the impact of product design, product innovation, 
and dependable delivery on value-to-customer quality.  See Rahman (1995), Vonderembse 
and Ragu-Nathan (1997), Tarasewich (1996), and Agus, Krishman, and Kadir (2000).  
Many of the constructs in the middle portion of our model are tested in prior literature; the 
arrangement of the relationships, however, is significantly different.  Choi and Eboch (1998) 
found that TQM practices have a stronger impact on customer satisfaction than they do on 
plant performance. This work proposed a mediational model for the plant performance effect 
on customer satisfaction and found the model un-supported by the data. This is explained by 
the fact that TQM practices are designed for customer satisfaction while activities on the 
plant floor are designed for plant performance. Based on the above literature support we offer 
the following propositions:  
 
P5: Product design has a positive impact on value-to-customer quality. 
P6: Product innovation has a positive impact on value-to-customer quality. 
P7: Dependable delivery has a positive impact on value-to-customer quality. 
Organization Operational Performance and Value-to-Customer Quality  
 
The relationship between value-to-customer quality and performance has been investigated 
mostly indirectly through TQM practices (Samson and Terziovski, 1999). The linkage 
between TQM practices and performance is supported by the vast majority of prior literature. 
Agus, et. al., (2000) investigated the link between TQM practices, customer satisfaction, and 
performance. The results offer empirical evidence of the contribution of TQM practices to 
customer satisfaction.  See also Terziozski and Samson (2000).  
 
Romano (2002) studied the impact of the sensitivity to ISO 9000 certification and quality 
management practices and performance of 100 Italian certified manufacturing companies.   
He found that companies with the most advanced internal quality systems tended to favor 
obtaining their supplies from certified suppliers and trusted the quality levels of their 
deliveries.  This sensitivity to certification led to better performance in terms of punctuality, 
delivery speed and volume flexibility.  There were no significant effects on quality and costs. 
 
Romano and Vinelli (2001) described two case studies in which quality in the respective 
supply chains was controlled using two different approaches.  In one case the approach was 
very traditional.  In the other case, the approach was very innovative, in that there was a 
culture of coordination and frequent contact among the various stages of the supply chain and 
the customer.  It was found that the latter approach led to meeting the quality expectations of 
the final customer to a greater degree than in the case of the more traditional approach. 
 
We define value-to-customer quality in a manufacturing context as the capability of offering 
product quality and performance that create greater value for customers and satisfy customer 
needs and expectations for quality performance (Gray and Harvey, 1992; Arogyaswamy and 
Simmons, 1993). Value-to-customer quality is a component of customer satisfaction, and as 
such, we believe value-to-customer quality has a relationship to performance.  




Operational performance will be measured in terms of the amount of rejects, rework and 
defects.  This leads us to our final proposition: 
 
P8: Value-to-customer quality has a positive impact on organization operational 
performance. 
DATA COLLECTION AND SAMPLE CHARACTERISTICS 
 
The Quality Management Division of the American Society for Quality (ASQ) sponsored the 
survey and provided the mailing list.  The list consisted of organizations with SIC codes 
ranging between 2000 and 3900. Five manufacturing sectors accounted for 55.2 percent of 
the responses: chemicals, rubber and plastics, electronic products, food and kindred products 
and fabricated metal products. A stratified sample was obtained from the ASQ to properly 
reflect the membership, which consists of top managers, quality managers, and presidents and 
owners. The survey was mailed to 2900 potential respondents yielding 300 usable responses 
for a response rate of 10.4 percent. The majority of responses came from organizations with 
fewer than 500 employees  (70.5%). Only 18 percent of the responses were from firms with 
more than 1000 employees. While the majority of respondents identified themselves as 
middle management level quality managers, 30 percent identified themselves as CEO￿s, 
owners, presidents and vice-presidents. Some of the demographic information on the 
respondents is shown in Table 1. 
------------------------------ 




The items used to measure each of the seven constructs and the data-set for this research were 
tested previously in prior research by Solis (1998). Since parts of the original data set 
developed by Solis were utilized for this research, we will summarize the construct validation 
process applied in his research.  
 
Solis (1999) tested each of the items in a pilot study using structured interviews and Q-sort 
methodology. The data were analyzed for simplicity of factor structure, purification, 
reliability, brevity, convergent validity, discriminant validity and predictive validity. Factor 
analysis was utilized to confirm the set of items for the seven constructs in the proposed 
model. Following Nunally￿s (1983) suggestion, eigenvalues greater than 1.0 were utilized as 
a general guideline for the number of factors to extract. Maximum likelihood was selected as 
the extraction procedure and the varimax method was utilized for factor rotation. Missing 
values in the data set were replaced with the mean for the item.  Items which did not load at 
0.60 or above or with cross-loadings greater than 0.40 were eliminated.  Finally, the stability 
of the factors was analyzed by measuring the ratio of respondents to items; the Tinsley and 
Tinsley guideline of having a minimal ratio between 5 and 10 was followed. 
 
A five point Likert scale was used with the respondents indicating strong agreement (1) to 




on the respondents perceived performance relative to their industry/competitors on the 
following scale: 1) much lower, 2) lower, 3) about the same, 4) higher, or 5) much higher. 
The items used to measure each of the seven constructs are presented in appendix A. 
RESULTS 
 
The model in Figure 1 was tested utilizing Structural Equation Modeling (SEM) 
methodology.  All propositions were tested as null hypotheses.  SEM is preferred over Factor 
Analysis because of its ability to account for inter-item error correlations which enhances the 
robustness and flexibility in establishing construct validity. The software employed was 
Lisrel 8.3 developed by J￿reskog and S￿rbom (1989). Detailed results for the model and all 
measurement items and constructs are summarized in Table 2. Overall, the results indicated 
significant relationships among all hypothesized relationships proposed by the model. Figure 
2 shows the model with the structural path coefficients (λ) values and the corresponding t-
values in parentheses. 
------------------------------ 
Insert Figure 2 and Table 2 about here 
------------------------------ 
Tests for reliability and unidimensionality (convergent validity) are important in establishing 
construct validity. The reliability of the constructs was measured using Cronbauch￿s alpha. 
The values for the model constructs reported are: 0.89 for Strategic Quality Planning, 0.83 for 
Supplier-based Relationships, 0.85 for Product Design, 0.91 for Product Innovation, 0.92 for 
Dependable Deliveries, 0.86 for Value-to-customer Quality and 0.76 for Organizational 
Performance. All alpha values indicate good reliability. 
 
Unidimensionality (convergent validity) requires that there be one single latent variable 
underlying a set of measurement items. Unidimensionality is measured by the Goodness of 
Fit Index (GFI) and the Adjusted Goodness of Fit Index (AGFI). The results of the analysis 
indicate values of 0.89 and 0.87 for GFI and AGFI. Values approximating 0.90 or higher are 
considered evidence of good fit ( Dillon and Goldstein, 1984).  
DISCUSSION 
The hypothesized relationship between strategic quality planning and supplier-based 
relationships was strongly supported by the model. We believed that this relationship existed 
based on the work of Krause, et. al., (1998), which suggests that the approach to supplier 
development is a key component of organizational strategy. We extended this to infer that 
supplier relationships are a key component of strategic quality planning as well. We also 
hypothesized that supplier relationships directly affected product design, product innovation 
and dependable deliveries. These relationships were also confirmed by the results of the 
analysis with strong support for the linkage from supplier relationships to product design. The 
support for the linkage to product innovation and dependable deliveries, while significant, 
were less strong.  
The hypothesized linkage between supplier relationships and product innovation, while 




may be due to the differences between large organizations which internalize much of the 
innovation process and small to medium size enterprises (SMEs)  
which have been reported in the literature to rely more heavily on external sources of 
innovation (Bagchi-Sen, 2001).  
 
Slightly stronger support is indicated for the linkage from supplier relationship to dependable 
delivery (λ=.23, t=3.50). This linkage makes good sense, especially in manufacturing 
organizations that rely heavily on suppliers for a significant portion of the finished product 
cost through procurement activities.  
 
The linkages from product design, product innovation and dependable deliveries to value-to-
customer quality are supported at similar levels as from supplier-based relationships to these 
same three constructs. We found strong support for the linkage from product design to value-
to-customer quality (λ=.41), weak support for product innovation to value-to-customer 
quality (λ=.17), and moderate support for dependable delivery to value-to-customer quality 
(λ=.19).  
 
Support for the linkages from value-to-customer quality to organizational performance was 
found to be strong (λ=.30) and significant. We postulated this relationship based on prior 
literature and the operational components of the value-to-customer construct. The majority of 
prior research has reported significant support for the relationship between TQM practices 
and organizational performance and the value-to-customer construct used in this study is 
closely related to the customer satisfaction construct used in TQM.  
CONCLUSION 
  
In this study we developed and tested a model in which strategic quality planning was 
hypothesized to have an impact on supplier-based relationships, which in turn would have an 
impact on product design, product innovation and dependable deliveries. We found these 
relationships supported by the model. We also tested the linkages from product design, 
product innovation, and dependable deliveries to value-to-customer quality. These linkages 
were also supported. Finally the linkage from value-to-customer quality and organizational 
performance was supported as well. 
  
Some managerial implications can be drawn from the study. First of all the strategic 
relevance of supplier relationships and its effect on processes within organizations implies 
that managers should be actively involved in the supplier selection process. Historically, the 
supplier selection has been performed by procurement and quality functions, which generally 
operate independently of internal process managers. This is not to say that internal managers 
have not been involved in this process but that their involvement has been largely reluctant 
and generally punitive in nature. Because of the impact that the suppliers have on the success 
of internal processes, which impact both the customer and the organizational performance, 
managers should be integrated into the selection and relationship building process. A second 
inference from this study is that there may be some over-lap between TQM practices and 
supply chain management principles. The position of the supplier relationship construct 




charged with carrying out strategy indicate that successful TQM results may partially rely on 
supply chain management practices that enhance the performance of suppliers in support of 
internal processes.  
  
Future research should investigate the relationship between successful TQM and supply chain 
management practices including not only supplier relationships but other possible 
connections among these constructs as well. Another area for future research is the 
connection between managers of internal processes (operational level managers) and their 
role in supplier selection and relationship building. This concept is important to 




















APPENDIX  A 
 
Strategic quality planning measurement items include responses to the following questions: 
 
SP1  Our strategic plan supports long-term (3 years of more) quality improvement efforts. 
SP2  Our strategic plan is supported by our company￿s quality mission and policies. 
SP3  In our strategic plan quality is an integral part. 
 
 
Supplier-based relationship items include responses to the following questions: 
 
SB1  Our primary criteria to select suppliers is quality not price. 
SB2  Our supplier relationships are focused on the long term. 
SB3  Our supplier relationships have achieved high levels of confidence and trust. 
SB4  Our suppliers readily participate in solving quality problems. 
SB5  Our suppliers are involved in our continuous improvement effort. 
 
 
Product design items include responses to the following questions: 
 
PD1  Our product design process incorporates manufacturability as an important component. 
PD2  We involve external suppliers early in the product design. 
PD3  Our product design process applies customer-driven techniques (such as quality function 
deployment). 
PD4  Our product design process is supported by a multidisciplinary approach (marketing, 
manufacturing, R & D, etc.) 
PD5  Our product design process addresses environmental and legal concerns. 
 
 
Product Innovation includes responses to the following questions. 
 
PI1  Our capability of developing a number of ￿new￿ product features is 
PI2  Our capability of developing a number of ￿new￿ products is 
PI3  Our capability of developing unique features is 
 
 
Dependable Delivery items include responses to the following questions: 
 
DD1  Our capability of providing dependable deliveries is 
DD2  Our capability of providing on-time deliveries is 
DD3  Our capability of delivering the correct quantity of products needed on time is 
 
 
Value-to-customer Quality items include responses to the following questions. 
  
VCQ1  Our capability of offering products that perform according to customer needs is 
VCQ2  Our capability of offering products that meet customer￿s safe-to-use needs is 
VCQ3  Our capability of offering products that meet customer￿s reliability needs is 
VCQ4  Our capability of offering products that meet customer￿s pre-established standards is 
 
 
Organization Operational Performance items include responses to the following questions. 
 
  OP1  Our rework levels are 
  OP2  Our finished product defect rate is 
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Respondents by SIC Code 
SIC Code  Name  Percent 
3400  Fabricated metal products except machinery and transportation equipment  20.3 
3600  Electric and other electronic equipment and components except computers  14.5 
3000  Rubber and miscellaneous plastic products  11.6 
2800  Chemical and allied products  9.1 
2000  Food and kindred products  6.2 
3900  Miscellaneous manufacturing industries  10.0 




Respondent Level Of Education 
Education Level  Percent 







Firms by Size 
Number of employees  Percent 
Up to 100  27.1 
101 to 500  43.4 
505 to 1000  11.1 
1001 to 5000  10.8 
Over 5000  7.6 
Total 100.0 
Respondents by Position 
Position Percent 
Top management  29.8 




Percent of Sales in Exports  Percent of Respondents 
0 14.9 
Less than 25  60.1 
25 to 50  14.9 
51 to 75  8.3 







Not registered but planning  35.9 
Not interested  15.9 





Goodness-of-Fit Indices of the proposed Model 
 
    Degrees of freedom                     291 
  χ
2 Statistic                        444.14 
  p-Value       0.00 
  χ
2 / df                       1.53   
    Goodness of Fit Index (GFI)      0.89 
    Adjusted Goodness of Fit Index (AGFI)    0.87 
  RMSEA       0.042 
 
 
Constructs and Items    Standardised    Standard  Cronbauch￿s 
     loadings  (λ)   errors   alpha  (α ) 
 
 
a)  Strategic  quality  planning           .89 
    SP1 long-term improvement efforts    .78    .39       
    SP2 company policy support      .88    .22 
    SP3 strategic plan integration     .90    .19 
b)  Supplier-based  relationships         .83 
    SB1 quality based supplier selection    .66    .57       
    SB2 long-term supplier focus      .77    .41 
    SB3 confidence and trust      .80    .35 
    SB4 supplier participation      .66    .57 
    SB5 supplier continuous improvement   .67    .55 
c)  Product  design          .85 
    PD1 manufacturability      .68    .53   
    PD2 supplier involvement      .75    .44 
    PD3 customer-driven       .69    .52 
    PD4 multi-disciplinary approach    .71    .50 
    PD5 environmental and legal concerns  .57    .68 
d)  Product  Innovation          .91 
    PI1 new product features      .95    .10 
    PI2 develop new products      .89    .20 
    PI3 develop unique features      .80    .36 
e)  Dependable  deliveries        .92 
    DD1 provide dependable deliveries    .94    .12 
    DD2 on-time deliveries      .95    .10   
    DD3 correct quantity on-time      .81    .35 
f)  Value-to-customer  quality         .86 
    VCQ1 customer performance needs    .79    .36 
    VCQ2 customer safe-to-use needs    .78    .37 
    VCQ3 customer reliability needs    .78    .38 
    VCQ4 meet pre-established standards  .71    .49 
g)  Organization  operational  performance        .76 
        OP1       .88   .22 
        OP2       .75   .43 
        OP3       .59   .65 
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